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INSA3 CT O TEE DISCLOSURE

A gas laser having two differett and simultaneous discharge

cooling temaeratures of approximately 77*K and 300*K and a prewixed

5 flowing gaseous minture of hebiulm, air, and carbon monoxide, with

pressure ratios of approximately 21-3-1 respectively at a total

4 presswm of appreziastely 10 torr. provides laser radiation fro*

tte CM molecules at approximately S microns wavelength and sirul-

taneous laser radiation frorw the CO2 molecules, formed in the laser

10 tube by Co rlissocwadon oxidation In the dc dischargo, at approxi-

mately 10.6 rTAcimZ wave length.
P,

RIGHTS OF TSR OVIRUXMET

The GovezAmet of the United States has at least a nonexclusive,

irrevocable, royalty-free license in the invention described herein

15 with power to grant licenses foe all governmental purposes.

BACKGROUND OF THIE I13VI•UTION

The field of the invention is in the gaseous laser art.

Prior art lasers simultaneously lasing at two different frequen-

cies Pre disclosed in patent nuwbers 3,704,428 to patentees Barry

20 at al and 3,772,609 to patentees Willett ot al. A typical prior

art roor: temperature Cu laser is disclosed in patent numser 3,761,838

to patentees bhaumik at al. Additional discussion of this present

invention, may be found in thte TvF!: Journal of Quantum Electronics,

Vol. :2a>9, to. 7, July 1973 at pages 779 and 780.



BUMKW Or TIM INVENITION

Th invention is a gas laser sinultareously lasing CC ard CO2

moleoules prowiding simultaneous laser radiation at outpu, -Yave-

lengths in the ranges of approximately 5.2 to 5.9 us an4: , 6 to 10.6

5 ;Am respectlively.

BRIEF DESCRIPTION Or THE DRAWING

The single figure in the drawing ',hows a schematic 'rR of

a typical embodiment of the invention.

DESCRIPTIXON O? "1 PREFERRM.,£ 1'EODIXU1'.

10 In the representative embodiient of the inventior afhown in the

drawing, the gases nIe, air, and CO aJ'e prehtAed in t•se mixing

chamber 11 'end ther introduced dixectly into the laoi gas cavity.

The laser gas cavity is xegsentad into two parts 12 and 13. noth

segments are composed of conventional double-walZ..d glass discharge

15 tubes. In a particular erLodimant, qas chameeb tnbes 12 and 13

have an internal diametez of approximately one (4ch. They are

coupled together with a conaventLonal VeorJ an flange 14. The cooling

chambers 23 and 2S "ave outside walls approximately four inches in

diameter. Varian flanges 15 and 16 also are used to couple to the

20 tub sections 17 ana 1U which provide for t.e gas inlet from tube

19 and the gas outlet thixough tube 20. These short tube sections

17 and 16 61so contain the conventional NaCl Brewster windows 21

and 22 which terminate the laser discharqe tuW4, and provide optical

i :2



txanaissinm. In tuns ebadimest the distame frh am ftowo*er

WiadW to the Oehe forms 0 ga9, OaVItY Iav6 a tftal 1SArth •f

a P.r'omately 251 em. 7be ri•ht-hand qas tubs soemget 12 has a

le4gth betvees the Varlaa flasqee 1 &ad 19 of nppaimately 93 ca.

5 It La 0001" by 1.iqud aitren.. betwean the walls forming the ehan-

ber 22 so .aa• the "as tube. The liquid nitrogns Is poused

Into the ehanber through smtranoo 24. The loft-hand tube soqment

13 Ia maintaled at apprwadsa*ey room tomperatare by slowly flowing

room temperature tap water entering the chamber 2S), that surrounds

10 the gas tube, at inlet 26 and exhausting to a drain through outlet

27. The Varian flanges 14, 15 and 16 also provide the electrical

potential olectrodes. The ocntral joint Varian flange 14 Is made

the systam electrical ground potential. The foregoing dimensions

are niot criticall they are merely representative of a typical

15 operating e-bodizont.

Blectrioal discharge is Independently maintained in eaoh coled

tube segment. Tho potential source 26 provides the electrical

energy for the glow discharge over the apprexiumtely 92 cr. length

betwten fleajos 14 and 15 in the liquid-nitroqgen-coolod segment and

20 potential source 27 provides the electrical energy for the glow dis-

has eover the approxiMately A5 cm length between flanges 14 and

16 in the room teiperatumro tube segment. It has been found prefer-

adle to maintain the discharge in the liquid nitrexen cooled s•qswt



U 1 th MILO a ,at flow of ap;VZ adoitely IS ms. The Mirrest flow in

tUe ,'MOM te- eratm' setwest is preferably approtimately twenty per-

amt lemr in agavtWd., belag typieally in the I0 to 15 ma range.

I1ie the foregeoag emmuted wurents are generally sonsidered

S to be o Iai for the stated qas ratio. and tubeo of the pre-

viously stated dimes.leoms, they are aot critical. Oblewly, the

voltages will vary with tabe lemgths, and currents with tube cross

sectisal areas. in addition,-ome varLiation will also oacur if

operation is optimised with different laser gas oompasitions and

10 preesures than those previously stated. Conventional high voltage

,ower supplies 2t and 27 independently provide these current flown.

Coaventiomal high voltage sipplies of S to 15 kv vitk series pro-

tective and current Unitinq resistors 2t and 29 ar suitable poten-

tial sources , The exact voltage of the power supplies are not cri-

15 tical as long as they e•A supply the approximat% current flows pre-

viously imu~cateA. Typicol voltaqe values across the discharges

may vary from approxiimatly I to 2 kv depending in the ratios of

the gas constituents and the total qa preassures.

The optical cavity formed between the tO a radius concave mirror

20 30, with a 1.6 mm =entered circular bole 31, and f!at mirror 32 is

approximately 293 am in lenqth., Preferably both mirrors are ocnven-

dtonal silver coated or aluminum coated virrora. for oxtunded wave-

lenqtb reflectivity in the "p~ratina wavelengths. fte hole-coupled

4



etteal fevity As eoseatially amaMvelOnth selective. GOaheItly.

the hle-oweUAd type opti-rd eavity is prefmt wd, hou4ver. a par-

tinily treaspareat uLzror systemA, partially traepareat at the wave-

1Aegth involed, may be used. the eoavent.ional prezusre control

5 syste 33 maLats4n a g#" flow of approximately 20 liters per minute

(15 to 2S liters per atante is suJ,*blo), throuqih the Vas t1be.

The helum, air, sad CO gams 3K, 13S and 36 from conventional souroos

ar premixd in conventional gas mixi"n cherbder 11 to provide partial

pressure ratios of approximately 21/3/1 respectively. the total

10 tube pressure as indicated by gage 37 in preferably about 10 tort.

in a typical operating ebedimeat of the invention, as set

forth in detail in the forevoing, the CO and C2 laser lines were

iasured and ideantified to be predomLnently P-branch for both nol*-

oules with J a 13-21 of the v, Y' a 16, 15 to 7,6 bands for CO, and

15 J a 164 18, 20, 22 of the 301-100 band for CO2 . A total laser pmer

of approximately 2 watts was generated with substantially equal

poUsrs for each waveleznth region. The Me-Air-CO laser qgs mixture

did sot include CO2 . The CO2 is formed In the discharge. The

"aOunt of CO2 )resent, dui to the use of normal ambient air as the

20 02 source, is negiiLible since the relative CO'/CO ratio initially

in the tube (before 4ischarqe) was approximately 1l-3. The forma-

tion of CO2 in the laser tbe apparently proceeds by the discharge-

initiated dissociation of the C.) and uir molecules with subsequent

I5



edbitLMs am reeemblaatiom to .orm CO nale s. A revers" reac-2
ties mut occur wLth CO2 rfeformi CO, probably in a vibrationally

eafited state. No carbon residue was visually apparent in any

mabodiass of the apparatus, Ldicatinq that the oxidation reaotions

S we" essot.lWly ecoplete.

TMe us* of ambieat air as the 02 souree does ha an effect oe

t• laser a&stie by the reasetions involving W a 2 .,, a&*a the lasing

sleoules. The M2 and CO molecules acquire vi. oti.ona ozitatito

by ielastio eoergy exchange with the disoharge @leetYbro. Kth N2 (v)

10 vLLI transfer energy to CO2 (000) producing C02(001), an" ellision-

ally ezchange amergy vith CO(v) forming CO(v+l) mleoules. oThe

I29@0O9) Molecules cause CO,(100) and C0 2 (014) deactivation, as well

as influencing th CO2 (001) population. The anewt of water vapor

preaent In the ambioet air source is not ewitieal. Any normal

35 miatiafs may be disregarded in the operation of the apparatus.

The mutual interaction of the 8e, CO, and CO2 are the main

iafluences to the laser action. The CO("S) formed by the discharge

electrons are modified by collisions with other CO(v) woleoules.

fte v-v earqgy transfer between CO molecules produces partial Inver-

20 sams on CO(v.8), and Is the dominating reaction in the CO laser.

Ie COWv) molecules also resonantly eoichanqe energy with CO2 (000)

to prouce CO(001) molecules. The relaxation rate of the C0 2 (01O)

level is increased 1ty CO(¶r.i), thereby effeotively modifying both



LMZ a.tleas. 2he main ef feet of He is to lower the Omerall gas

t rature md to inflessee the C0 2 (001) level, but it has little

effeet upon the CO.

I*e Vmeratiem of iMultas 0 and CO2 lase action is

S appareatly due pWimarily to the use of a esegentod laser tube with

diftfreet coola temperature. it appears that the CO laser radia-

ties resulted from the liquid nitrogen cooled tube sepaent, while

the CO2 laser radiation resulteI from the water cooled tube sojVaent.

Laser aef•es from CO abLs wys acLev4d with a discharge iA the

10 Liquid aitrioen cooled aegmnnt when the vater cooled segment was made

Inactive (by removal of excitation voltage), and laser action friv

CO2 alone was achieved with a discharge in the water cooled segment

with the liquid nitrogen cooled segment inactive. Thes" results

are interpreted as Ladicatinq a requiresoat for signlticant oxidation

15 of CO to C0)2 , and thoeral optimization for each ma*lcaue.

It is bolievvd that the foregoing described etbolxient of the

iavention will generally be the preferred arbodiment since sFxstan-

tially equal laser output occurs in the two wavelength band&, how-

evur the following additional embodLieats vwil be preferred where

20 different raties of laaer powers in the two bands are desired. It

has been tomd that simultaneous laser action at both CO and CO2

wavelengths (5.2 to 5.0 im and 9.6 to 10.6 ism, resfectively) vill

occur with a single discharre throuqh both tube sequents, i.e.,

removing the connections from the cer.ter flange 14 an, '•sing a

7



single power supply with th Varian flangos 15 and 16 as the elec-

trodes. The polarity is not critical. Gnerally, the negative

potential is also made the syt•m ground. Revorsinj the direction

of gas flow through the device is now preferred, tnat is, the gas

S tlo from the mixiAn chamber 11 enters the water coovl. tube sqmemat

first then flows ou tU1=izoh the liqui nttrogeu oooled &erpwnt. It

this embodiment the same total laser power, two watts, results but

the ratio of CO2 to •O pover is approximately 3 to 1. Optimum

relativ" partial pressures of thae Rellus, air, and CO gases in this

10 embodiment are approximately 14 to I to 1, respectively, with a

total tube pressure of &ppro.Lrately 1 torr. Tie optismu dc current

occurs in the range of 10 to 20 ma. Paraiuers other than those

enumerated are substantially \:he same *a in the previosa e•i~yment,

It was also found that CO2 vo Ck laser power ratios of approxi-

15 sately 0 to 1 may be obtained by using a rixture of Heliua, air,

and CO2 at preassure ratios of approriately e6 to 2 to I rear-actively

witl the gas flow enterinj the w.ter cooled s.9went 9k.rat Approxi-

mately the sawe total power of 2 watts was still obtained. A single

dischargo potential was used between flareos 15 and• Ui. Tho p.larity

20 is not critical. Conarally the preferred v I!w• f carrernt flow is

withJn the ran-o of 10 to -o milliaperiAs.

IrU1 ~or.1-odixrAonts e~scril..e iiý tho p~ararteters

of r.elati-A. uai, aIir, a~nd CC (or '.0, CIO& ant tua'e



ouwrazsn and tube voltaqge, were found to be opt£mlma. hiover,,

the" values are Aot critical and they may Ie varied substantially

sad stf.ll obtain laser ope"atiton. It vas ulso found that the

m4aodi auts woul d provLde laser operation vitti an ac diacharqe

vowltage. do discharge, ,ovevz, is the preferred typte of

diocherq.
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